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ABSTRACT. The present state of development of the methods used

for various tests for tensile and creep studies at high tempera-
tures in vacuum, characterized by research devices and procedures

which often permit no direct comparison of the research results.

For its evaluation the sources of error of the method must be
known. The research conditions of vacuum, power initiation, ex-

pansion measurements, expansion rate, temperature, and temperature

distribution were studied. The pressure in the vacuum chamber

and the leak rate should be considerable for the research materials.
Inhomogeneous deformations distributed over the sample cross

section and measurement length, relative motions between sample and
test machine or expansion measurement device, and temperature ex-
pansion could not be detected individually and were eliminated.

The power initiation in the vacuum chamber and the sample must be
followed so that additional stresses remain as low as possible.

The expansion rate of the measurement length was strongly affected
by the shape of the test device at constant escape rate of the
traverse. The drive must therefore be so operated that the ex-
pansion rate in the measurement gap remains. constant. An

accurate expansion measurement is necessary during the tensile
studies for the expansion rate control. Elasticity and expansion
limits were determined higher at constant expansion rate at room ,
temperature than at constant stress rate of the traverse. The effect

of the temperature deviations in the measurement length on the material

characteristics was described. TFor evaluation of the measurement
methods, test norms, and materials and for the measurement of con-

. stituents it is necessary to know how reliable the r651stance

characteristics are. The relative resulting stress error is given
as a function of the affecting parameters (expansion, temperature,’
expansion rate) and dimensionless error moduli. Properties deter-
mined in tensile and creep studies of varlous work materials are
reported. - hys

State of Technology

' Experience gained in tensile and creep testing in air up to 1000°C is very /9%¢

extensive.

Despite this féct, thorough investigation reveals that various

factors have not been adequately considered in the performance of the tests

and that these are not generally controlled; let us mention, e.g.,'the'effect

* Numbers in the margin indicate pagination of the foreign text..
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of the deformation of the testing machine and the ends of the specimen on ten-
sile values and problems of the accuracy of temperature and strain measurements
in creep testing 1-8 . At temperatures above approximately 1000°C and in vacuo,

testing becomes more difficultl9, 101

In recent years, great efforts have been expended‘in order to improve and
to develop the technology of high—pemperature testing. Upon recommendation of
the Structures and Materials Panel of AGARD (Advisory Group for Aerospace
Research and Development, NATQ), the behavior of TZM molybdenum was determined
in tensile testing to 1800°C, in comparative testing by 11 laboratories. The
great deviations in test results of the different laboratories, made it neces-
sary to investigate the effect of the individual factors closer in additional
work [11 1 Special emphasisbwas placed on the following testing conditions:
vacuum, specimen configuration, strain measurement, strain rate and temperature.

Additional aggravating conditions occur in creep testing.

In the following; certain aspects of the conduct of such experiments at
elevated temperatures will be discussed. In addition, the effect of measuring

and control errors on property values will be treated.

Experimental Conditions

Vacuunm

High—melting metals and their alloys are subject to very Vigorous oxidation
in air at temperatures in excess of 450 to 650°C so that tests must be performed

in a neutral atmosphere or preferably in a high wvacuum.

The quality of the vacuum cannot be characterized adequately by citing the
pressure, because fhe leak fate also affects the contamination of the materials.
The real and apparent components of the leak rate should be known, in order to
distinguish between air coming in because of inadequate sealing and the gas
yield due to the degassiﬁg of container walls, the recirculation of propellants,
etc. If such components are difficult to identify, the recbrding of the pressure-

time behavior in the vacuum chamber after inactivation of the pump is recommended.

The necessary vacuum conditions must be established in each case, because

they are governed by the material (vapor pressure of élloying components"and



oxides, internal‘oxidation, etc.), the configuration of specimens and their
arrangemént in the furnace, the temperature and duration of the test. At a
testing temperature of 1095°C-and a test time of 1522 héurs, e.g. the oxygen
absorption of the FS 85 Nb alloy (28 Ta, 9.5 W, 0.8 Zr, 0.018 0,, by weight %)

7 torr (start) and 4 x lO—9 torr (end) amounted to

in a vacuum of 2 x 10~
62 ppm [12]. On the other hand, Nb is extensively degassed in a vacuum of

approximately 10‘6 at 2300°C [13].

Introduction of Forces in the Vacuum Chamber and the Specimen

The problem of introducing the force in the vacuum chamber may b¢>circum—
vented.by placing the entire testing machine in vacuum. This solution is re-
commended mainly for creep testing of long duration because the testing machine
is relatively small, may be :built without locations to be lubricated and
_ stressed by weights. NASA performs creep tests in suitable test installations

under very‘high vacuum [12].

1 - tensile test specimen

2 - resistance heating elements
(tungsten web, 200 mm long,
50 mm in diameter) ‘

3*~ protective. sheets against
radiation

L -~ cooling jacket

5 - water-cooled power inlets

6 - drawbars

7 ~ threaded connection

8 - water-cooled drawbars

9

temperature measurements
10 - metal bellows
11 - strain measuring instrument
12 - cooling coils
flange of diffusion pump

[
W
i

Figure 1. Marshall furnace (diagram).
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In tensile testing, the force is introduced in the evaéuated furnace
generally either with the aid of a metallic bellows or a stﬁffing box. In the
latter case, the strain gage for force measurements must also be mounted in

the vacuum chamber. This introduces additional potential errors din force.
| measurement. Intensive cboling of drawbars in the furnace space is required Z}OOZ
s0 that the temperature distribution along the specimen is affected in an un-
favo:able manner. For this reason, in the author's experiﬁental apparatus,
the fofce was introduced preferably by way of bellows, as in the Marshall-
high-temperature furnace. Thélfurnace is shown in Figure 1 and described in
detail in [10]. In force méasurements, depending on the atmospheric pressure,
vacuum and spring forces must be considered. A similar furnace installation
proved to be suitable for creep testing [9]. A disadvantage of the bellows
design is the fact that according to the centering of the furnace in the test
machine, different transverse forces may act on the drawbars; they are diffi-
cult to control, the difficulty being enhanced by the variation of the center-

ing with temperature.

Measures to insure centered force introduction in the specimen and the effects
of additional stresses on the configuration of the stress-strain diagram were
discussed in detail in the literature [6, 9, 10, 14, 151. The‘effectiveness of
ball and socket and pivot joints at the ends of the drawbars is greatly re-
stricted by the self-locking of the bearings. The latter occurs when the line
of action of the force contacts the friction cirqle with a radius of pur (p -
coefficient of friction, r - radius of the ball or pivot). With p ~ 0.1 and
r ~ 50 mm, the radius of the friction circle is of an order of‘magnitude of

5 mm.

An estimate of the bending momentum distribution in the drawbars is given
in Figure 2 for certain types of loading and bearing. Xven in the case of
direct weight loading by way of a "frictionless" joint, e.g. in creep machines,
1arge bending momentums may occur in the specimen, if the upper end of the draw;
bar is supported in a socket (Figure 2a). If after ideal alignment of the .
drawbars and the specimen in the joints self-locking occurs at.the'ends of _
the drawbars, bending momentum behavior in accordance with Figure 2b will take

place, if the rod is further strained. With excentric tensile specimens having‘>Z;OO



Figure 2. Estimation of bending momentum distribution in the drawbars.

an excentricity of 7 mm, a change in signs of the bending stress was observed
in the measured distance if the frictional moments at the end of the drawbars
were sufficiently large [14]. Rigidly supported drawbars, well centered in the
machine and the furnace are obviously of advantage. In the case of an ideal
geometry of the specimen and the drawbars, frictionless suppoft Qf the ends,
aé approximately attained with knife edge bearings, for example, is better,
however. The bending moment is then zero over the entire drawbar system; also,
changes in the excentricity of the .machine frame is compensated for during the
test, ‘involving, however, simultaneous motion of the specime~ with respect to
the machine. Within the drawbar system, however, a certain excentficity always
exists, especially if the specimen is connected with pins with the clamping
fixtures, so that a bending moment behaviorAin accordance with Figure 2c¢ must
be expected. Figure 3 is‘a plot of the relationship of bending to tensile

stresses, for flat and round specimens, as a function of excentricity.

Specimen Configuration and Strain Measurements

In high-temperature testing in Qacuum the known methods for the measure-
ment of strain independently of extraneous stresses and the relative motion of.
the specimen with respect to the test machine and the furnace, can be applied
in part only. The physical measurement of strain required is not pbssible_at
the present time and the reference point of the measurement is not  located on
the specimen. A change in excentricity within the machine frame dufing.the,

loading of the specimen and the reversal in direction of the drawbar is



Wr— ; e I therefore detrimental, apaft from /100
. ——'roggggigicaghzmm £ . /// extraneous stresses. The accuracy
sl = il 2wk aimm < . . .
i % 1men'p 7 ) P of the determination of the elastic
thickness s ’ : »
Sha /ﬁ ,}’ modulus, the elastic limit and the
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%‘w vield point and of the hysteresis
il loop is strongly affected by such
u £ 2 ’/’ .
o as == processes. Testing of mechanical
& Pread
H r ' testing machine prototypes. showed
Q2 SSijjfE ‘ a displacement of the drawbar per-
- h‘ pendicularly to the tensile direction
o= o s by a distance up to 0.5 mm. In a

excentricity #  mm —— : tensile machine of special design

: this displacement was reduced to
Figure 3. Superposed bending stress ) '

with excentric tensile force. about 10pm. In addition, a pre-

cision strain gage is being de-
veloped, which is placed directly on the measured length of the specimen and
thus moves with the specimen in the manner of the room temperature test instru--
- ments. Initially, tests on protectively coated specimens in air with induction

heating to 2000°C are scheduled, later, tests in vacuum are to follow.

A and B universal spring joints .
C and D spring joints

I differential transformer
for precision strain

. ‘gage

F differential transformer

for coarse strain gage
I and IT lever _
direction of 'pull

Figure 4, Diagram of strain gage installation..
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Since high-temperature materials frequently are difficult to work, the
specimen configuration must be especially. suitable with considerationvof the
strain gage type to be used. Suitable specimen shapes are given in [9, 10, 157].
With the presently known strain gages the fastening of measuriﬁg rails with
knife edges must be abandoned at very high temperatures, due-to the lack of
suitable edge materials. The specimens thus are frequently made with measuring
shoulders. These, however, are difficult to produce on flat specimens, they
interfere with the stress and deformation field of the gage length and thus
affect the behavior of the material, as discussed in more detail in [161; in 'Z}OOZ
the case of thin sheets therefore spot-welded strip specimens are often pre-
ferred. In the author's investigation, the specimen configuration shown in
Figure 4 proved to be of advantage. The figure displays in diagram form the
strain gage arrangement selected; it also proved to be suitable for rouhd spe-
cimens and compression testing with precision strain gages. The immersion core
of the differential transformer is in the vacuum, the coil in the air. The
error caused by the fact that the cross section is not the same over the entire
gage length can be corrected through suitable strain relationships with ade-

quate accuracy [101.

Commercially available strain gages With'méchanical strain sensing are .
equipped with other sensing levers which also compensate for +thermal expansion
and linkage deformation in the tensile direction, but do not have the simple
construction and suspension of the author's apparatus. Mounting on the furnace
housing is common to all of the gages, so that the alignment of the dfaw
linkage must be satisfactory. The setup is centered if the drawing linkage
does not shift under load trénsversely to the tensile direction. This is

~verified easily with dial indicators.

Optical methods of precision strain gage measurements with continuous
recording are not sufficiently tested at high temperatures and are rather ex-

pensive.
Strain Rate

The variation of thé stress O over the strain e =A Lo/L (ALO elongation
: o )
of the gage length LO) is, as is known, a function of the strain rate e. TFor

this reason, the testing machines are built rigidly in the tensile direction

7



and usually designed to that the pull rate of the drawbar s is comstant in good
approximation. The loading of the specimen causes the deformation of the test
length Lv with the gage length Lo’ the specimen ends including displacements with

respect to the clamping parts, and the test machine itself. ' '

Thus at constant drawing rates S the étrain rate in the range of'elagtic
deformation of the gage length (80/86e = E, modulus of elésticify( is in part
substantially less (by about an order of megnitude) than after larger plastic
deformations (80/8e ~ 0). At the lower yield point and maximum loads
(6066' = 0) the average strain rate of the gage length AL, (ALV > ALO) is
approximately equal to s. Equality of ALV and s is not attéined, because even
with constant loads permagent deformation of the testing machine (settling,
alignment), motion between the specimen and the clamping fixture and plastic
deformation, including creep in the ends of the specimen, occur. After passing
through the maximum load point (80/8e < 0), recoil of the test machine is super-
posed on the displacement of.the:drawbar so that sﬁrain rates can increase sub-
stantiaily. in Figure 5 the equivalent circuit diagram of a tensile testing
machine with a specimen is shown. Even in the case of constant draw rate of the

_drawbar, the configuration of the stress-strain diagram becomes dependent -
upon the onset of plastic deformation - on the resiliency o1 the testfmachine
and the ends of the specimens [1-5, 7, 10]. Constant strainvrates can be .
attained. only if the strain - both in precision and coérse'measuremenfs - is
measured directly on the specimen and the drive of the testing machine is con-
trolled by £his signal, so that ALO énd € acquire the proper value. The extent

to which the draw rate of the drawbar must be varied in the case of constant

/10c¢

strain rates is shown in Figure 6. The drive in this case was controlled manually

so that a linear strain-time dependence corregponding to ¢ = 0.5% min_llwas ob-~
tained. Since the mechanical properties of high-melting metals,: among others,
aepend strongly on the strain rate - Figure 7 - high-temperature tensile tests
require such a machine if the test results of different laboratories are to

be comparable directly to each other. For this reason, in cooperatioh<with a
manufacturer of testing machines, an electromechanical drive control was de-

veloped which permits, even with a "soft! testing apparatus genérally present at

/100"

elevated temperatures and with strong variations of the tangent modulus 8¢/ 8¢ in the

transition from the elastic to the elastic-plastic deformation range, to maintain

8
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elastic deformation: .
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tion (without
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elastic deformation
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Figure 5. Equivalent circuit diagram of a tensile testing machine
: with specimen. ’ '

TZM molybdenum
- strain rate 0.5%/min.
.mm- L :test,tempefafurg 20°c

3

.1050°C

061

0,44

' displacement of drawbar

o 2 | 4 ° s  80s
' VS time —

Figure 6. Time dependence of the drawbar displacement at constant
strain rates.
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Figure 7. Effect of strain rate on tensile strength.

a constant strain rate € with great accuracy automatically, if no pronouncédvyield
point is present. Following precision strain measurements, <he experiment can
be continued directly to fracture, so that the elongation at fracture can be

determined independently of the deformation of the testing machine.

For unalloyed titanium (3-mm sheet, hardness HV 10 = 195 kp mm_a), the
elastic limits and yield points determined at constant strain rates and drawbar
velocities, are presented in Fiéure 8. The elastic limit © ‘
18% , the @

o.o1L s hlgher by

o.o. limit higher by 8% at e = constant than with a constant drawing
rate of the drawbar. In the case of high-melting metals, greater deviations
must be expected at elevated temperatures, Figure 9a and 9b. Precise strain
measurement is also necessary with respect to maintenance of strain ratev'

constanfs.
Temperature

Advantages and disadvantages of the different heating methods (direct and

indirect induction or resistance’ heating, optical beam concentration), together

»
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Figure 8. Ratio of yield points determined at a constant strain rate
and at constant draw velocity  of the: drawbar.

oe constant, determined at & = 0.12% minfl
ce = constant, determined at Q/Lv = 0.12% min™L, L, = gage length

Testiﬁg machine: Testatron, Wolpert.

with temperature measurement problems are described in detail in 8, 9]. Here, Z}OO

only the temperature deviation within the strain gage shall be treated.

In order to attain sufficient accuracy of strain measurements, maximum
strain gage lengths are frequencly recommended for hlgh-temgﬁrature experlments.
The author's investigation uhowed however, that with a ratio of the gage length
to the heating grid of 1:8, temperaturg deviations of i4 C are in part difficult
to maintain; it became necessary to instal thermal baffle platés, locally vary /100
the emission system of the drawbar assembly and the thermal resistance of a v
draw rod increased by reducing its cross section. For the same temperature de-
viation, substantially more extensive measures were required with a gage length
of 50 mm. In'addition, the variation of the temperature profile.during the
test must be observed, because with increasing sfrains thevdifferenceé in tem—-'
perature rise appreciably. Therefore the temperature distribufion over the
gage length during ductilé behavior should be verified immediately preceding

fracture also.

Inhomogeneous temperature distribution over the gage length renders the
indication of the test temperature uncertain and leads to locally different

strain rates so that yield points, tensile strengths, uniform elongations and

11
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Figure 9b. Tensile and relaxation tests on TZM molybdenum atv
1800°C ' '

elongations at fracture can be strongly affected. Tensile properties rise or
.decrease in accordance with their dependence on temperature and strain rate and
local temperature gradients. The effect of local temperature gradients was
investigated on fully annealed TZM molybdenum sheets. At identical mean tem-
peratures of 1450°C (arthimetic mean of temperature at the ends and the center

of specimens) and increase in the temperature deviation from il}9°C to +10.7°C,
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95 varied by approximately +6%, tensile strength by only approximately'+2%,
and elongation at fracture by approximately -6%. Uniform elongation declined
correspondingly so that at a constant nominal strain rate, tensile strength

was determined actually at a greater true strain rate.

Estimation of Errorl

For tensile and creep tests the accuracy of measurements of force, length,
time and temperature ié extensively defined in the various standards (Diﬁ, ASTM,
British Standards, etc.). Permissible errors of these measured values contfibute,
depending on material behavior, to the inaccuracy of the property to be deter-
mined. The property error resulting is of interest for the evaluation of the

material and should be known to the designer.

Standard specifications of measuring accuracy are based on extensive ex-
perience gained with conventional matefials. In the standard testing of such
materials and others with similar properties, the resulting‘error in property l
values is slight, if the error in the strain rate due to the deformation of the
testing equipment is negligible. For testing at temperatures in excess of
épproximately 1000°C, certain standards do exist with respect to measuring
. accuracy, they cannot be satisfied in part, and also‘agreemenﬁs between tésting

laboratories, such as the AGARD recommendation contained in t=e "Cooperative

- Program on Mechanical Testing of Refractory Metals;” which are based on the

existing accuracy of the test method. In high-temperature investigations there- /1010
fore the determination of the partial error resulting from the inaccuracy of

measured values is of considerable usefulness, especially if the results of

different laboratories are to be compared and measuring methods evaluated and
improved. Knowledge of error sources is also required for the eétablishment of

new standard specifications.

The problem of accuracy requirements to be established for values obtained
in tensile and creep testing with equal resultant.errqrs in the measured proper-
ty value is also of great interesf; e.g. it is possible to correct in general
the error of strain measurement created by including the elongation of specimen
shoulders in tensile testing, with sufficient accuracy [0 ], while according to
[18] in creep testing an adequate accuracy of strain measurement can be attained

only including equal cross sections in the gage length.

1. Extensive discussion of error sources is found in 17 .

13



For these reasons, in the following the effect of the measured error on

the accﬁracy of mechanical prbperty values shall be investigated.
Factors

The values measured in tensile testing are 1eng£hs, temperature, and time.
Since the determination of elongation ét fractﬁre and reduction of area at
fracture is based only on measurements at room temperature, the error of these
measurements will not be discussed in detail at the present time. The error
of tensile property measurements caused by the inaccuracy of measured values

listed above, will be investigated.

Bq. I gives the resultant relative error of the nominal stress 8c/c
as a function of the relative measuring errors 8¢/e, 8T/T, be/e (e - strain, - .

"T - absolute temperature, €- strain rate) and of dimensionless material prbperties.

do_ Soy 30/de | | de | |QaRT| [T | | dofde| | 6s

o |1 e [T ol "\ || T |Y|T Tolé || & (1)
- dof3e | |90/3T d0/3s | , o
The factors |74/ |’| o/T | and |7 & | are designated in the following as the strain,

Oox | is the relative nominal stress

temperature, and strain rate error moduli.

error due to inaccurate force measurement.

In the linearly €lastic range the- stress-strain curve is

30/

alé

20, !

d0/d
=1 -and
ole .

By simplification the corresponding stress error (Eg. I) is taken as the
error of the yield points. At the highest point of the stress-strain curve,
:ao/ae

ale .
‘the tensile strength indirectly only, by way of the strain rate, as shown in

= 0. The error of strain measurement thus affects the inacéuracy of K}Oli

the following section.

As a rule, constant strain rates are desired in tensile teéting. If the
necessary control of the velocity of the drawbar is free of error corresponding
to the time-dependent strain signal, the strain rate error depends only on the
accuracy of strain and time measurements. Slight, short-time deviations from

the required value of the strain rate do not affect the configuration of the

14



force-strain diagram fully because of the response time of the éystem and may
often be taken into consideration subsequently during the evaluation of the work-
hardening curve. As a simplification, therefore, the average strain rate €m =€/t
is being considered. Its relative error is

| e

‘ (5*‘;m ot

t )

| n

SR 2
= | ; (11)=

€m

with the absolute errors ¢

-

5€m of the average strain rate;
éeR due to inaccurate control;
be of strain measurements, and

5t of time.

In tests with constant.drawing rate of the drawbar, the strain raté in

" general increasés by several hundred percent during the transition.from elastic
to elastic-plastic deformation. Deviations of this magnitude lead in the error
calculation performed here only to estimates of the error of the property

value.

The error of tensile values determined in creep testing may be . calculated-
also by Eq. I. If weight, cross section and time errors are .eglected, the

following is valid for the accuracy of time-strain limits

Iolel

90| _|30fe | | d¢| 30fdT / éT'
o fﬂé,v_ ‘s->;§u‘ofr T. »(III)
éd/ag -
The strain error modulus | ¢/ | cannot be determined directly from the variation

with time of strain. Therefore, the total strain and associated stress'is taken

for the reference time of the time-strain limits (1 hour, 10 hours, 100 hours,

etc., for example) from the creep curves[e = ¢ (£)]. The se pairsvof values Z}Olé

yield, together with the reference time as a parametér, stress-strain curves from

which the strain error modulus can be determined. If time-strain limits with

2. Egq. II is equally valid for the instantaneous. strain rate if the relative
errors of the strain and time differences are introduced on which the deter-
mination of é is based. Further, it should be noted that the direct effect of
the strain error falsifies the tensile stress in the same sense as the error of
the straln rate, which occurs as a result of the strain error. .

15



different reference strains are given, then for different time parameters and
tehperatures the modulus can be determined from the stress-strain cofrelation.'

The accuracy of the creep strength is not affected by the strain error.
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Figure 10. Temperature dependence of the error moduli

R .for 0.2° '

" Brror Moduli and Resulting Stress Errors

Figure 10 presents the error moduli of certain light metals, heat-resistant
materials and high-melting metals and alloys as a function. of temperature for
the o5.2 limit. The total strain associated with a permanent elongation of 0.2%

was used in the determination of values.

The modulus of strain error is weakly'temperature-depgndenﬁ for the materialsé}OI
investigated. In general, it cannot be greater than 1 and on the -average amounts

to‘approximately 1/5: The partial erfor of ¢ due to the inaccuracy'of strain

0.2
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measurements 1s thus at the most equal to the relative strain error |5e/e |
without consideration of its effect by way of the strain rate, but on the average
is equal to 1/5 '6e/ei.

The error modulus of temperature in part rises strongly with increasing
temperatures and in some cases attains values which are clearly above 10. The
partial error of the GC 5 limit due to temperature 1naccuracy thus may exceed
the relative error of temperature IST/Tl by more than an order of magnltude.

The high values of the modulus of temperature error occur not oﬁly in the tem-
perature range of large O0/dT, but also with substantially higher temperatures,
.since then the.c/T ratio becomes less than 00/0T. The average error modulus

of temperature is approximately equal to 3. The partial temperature error of the

% é limit is thus three times as high as the relative error of temperature.

Only a few values of the modulus of strain rate error are avallable at this
tlme, they indicate that this modulus depends clearly on the straln rate and the
temperature. = At the customary strain rates in the determination of_yleld points :
the value of 1 is probably seldom exceeded; the averagé is approximately 1/5, as

in the case of the strain rate modulus.

-At an average dependence of the yield point of the strain, temperature

and strain rate, the relative resulting error of ¢

0.2 18 givep,as a rough

estimate by
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It the draw rate of the drawbar is controlled so that . the straln rate 1s

approximately constant, then with consideration of Eq. 1T
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The error moduli of yield points determined in tensile testing'areAin
part substantially less than those of the time-strain limits. This fact be=
came especially proneunced in the case of an AlCulMg aluminum ailoy. ,With in-
creasing reference times of the time-~strain limits the error modulus of strain
increases strongly and is about 16 times as large at 1000 hours than for the
%.2 point in tensile testing. As seeﬁ in Figure 11, the conditions are similar

for molybdenum.
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Figure 11. Error moduli of the 0.2 time-strain limit and creep
strength.

In general, therefore, the measuring accuracy of strain in creep testing:

[18] should be higher than in tensile testing [10] . ‘It should be noted, how-

evef, that in tensile testing the strain error iée/él enters into the error
of strain rate and that thus in the case of a clear dependence of the'yield
points. on strain rate an increased effect of{&e/éi on the resultlng error of

the property value exists -(see Egs. II, IIT and IV).

The error modulus of témperature as a rule also increases with temperature
and time for the time-strain limit and creep strength, Figure 11, and for long

periods of time clearly exceeds the values of' tensile testing.

The empirically greét scatter range of creep strength values for long
periods of time is therefore in a large measure due to the' inadequate testing

techniques employed, in particular due to the error of temperature.
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Discussion

D. Dengel, Berlin: Your literature reference in the problem of suspension
could create the impression in the auditorium, not entirely correct in ﬁy
opinion, that the question of suspension. for really pure pensile>teéting has

been completely solved. What does your specimen suspension look like?

H. Feldmann, Aachen: The paper placed emphasis on the fact that the
ability to function of socket and pin joints can be substantially restricted by

self-locking, at the ends of the drawbar system.

The cross sectioh of the tensile specimens investigated by the authors

was approximately 10 mm2 in the gage length. The testing apparatus is thus de-

signed for a maximum load of 1000 kp only. The force is’introduced in the draw-

bar system by way of hardened steel balls with a 3 mm radius. The cup surface

on which the ball slides was produced by pressing the ball into a drawbar.

/1015

The diameter of the indentation is 3.2 mm. The shape and surface quality of the

cup are so good that with additional MoS., lubrication, the bending stress pro-

duced by friction in the gage length of ihe specimen is negligibly small.

R. Herold, Albertville: The matefial of the clamping heads is Mo TZM for
tests at up to 1800°C. At higher temperature, tantalum allovs with 10% W
are useé. To prevent the galling of joint threads, the ﬁhre;is are.coated with
MgO powder. |

H. Feldmann: The material of the clamping heads is Mo TZM.for.tests up
to 1800°C, at higher temperatures, tantalum alloy Ta 10 W is used. The draw-
bars in the furnace are made of TZM molybdenum. Clamping heads are'threaded
with the dréwbars. .Galling of the joint‘threads is prevented by coating the
threads with MgO powder. | )
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